Surgical treatment of epiglottis collapse in obstructive sleep apnoea syndrome: epiglottis stiffening operation Trattamento chirurgico dell'instabilità epiglottica nella sindrome delle apnee ostruttive del sonno: "epiglottis stiffening operation" (intervento di stabilizzazione dell'epiglottide) SUMMARY The epiglottis is an important structure that was largely ignored in early research on obstructive sleep apnoea/hypopnoea syndrome (OS-AHS). Primary epiglottis collapse (EC) in patients with OSAHS is difficult to treat with conservative therapies, such as oral appliances and CPAP. Therefore, surgical treatment may represent a good option when dealing with EC, although up to now no standardised surgical procedures have been described. Herein, we describe a new surgical procedure that we called "epiglottis stiffening operation" (ESO); the technique is safe, devoid of complications, easy to perform and is effective in treatment of primary EC, which presents as a single or coexistent site of upper airway obstruction without altering fundamental functions of the epiglottis.
Introduction
The identification of upper respiratory tract obstruction site(s) in patients with obstructive sleep apnoea/hypopnoea syndrome (OSAHS) is important to select the best therapeutic strategy. Nowadays, among different diagnostic tools, drug-induced sleep endoscopy (DISE), although not ideal, plays a key role in the decision making process 1 . The introduction of routine use of DISE studies in OSAHS patients demonstrated that upper airway (UA) obstruction results from the collapse of one or more pharyngeal and/or laryngeal structures 2-4 . Laryngeal involvement consists, in the large majority of patients, in collapse of the epiglottis; this may be primary (in which case it is described as "floppy epiglottis") or secondary, when a bulky tongue base pushes the epiglottis backwards. Epiglottic collapse (EC) is difficult to treat with conservative therapies, such as oral appliances 5 6 and CPAP 7 . Therefore, its identification has important implications for surgical treatment. Herein, we describe a new surgical procedure that we called "epiglottis stiffening operation" (ESO); the technique is safe, devoid of complications, easy to perform and very effective in treatment of primary EC, which presents as a single or coexistent site of UA obstruction without altering the fundamental functions of the epiglottis.
Methods
A retrospective review of all patients affected by OSAHS who were treated between March 2014 and February 2019 at the Department of Otorhinolaryngology of the Humanitas San Pio X, a referral centre for the management of sleep-related breathing disorders, was carried out. Inclusion criteria were: patients who underwent an ESO within multimodal management of a sleep-related breathing disorder; diagnosis of primary EC after a DISE (Fig. 1A) ; conservative therapy refused, not indicated or insufficient; available clinical and follow-up data. The preoperative diagnostic work-up included complete physical examination, endoscopic evaluation, polysomnographic study (PSG) and DISE. Treatment was planned taking into account clinical features and individual patient preferences. Surgery was performed in all cases by skilled surgeons. After surgery, on the 1 st post-operative day, a verbal Numerical Rating Scale 11 (vNRS-11) and Eating Assessment Tool 10 (italian version) (I-EAT-10) 8 were administered before patients were discharged. Patients were followed for at least 3 months postoperatively according to our protocol that includes endoscopic evaluation on the 7 th and 30 th postoperative days and PSG at about 3 months. Epidemiological and clinical data, surgical reports, outcomes, complications, and follow-up information were reviewed. From a technical viewpoint, body mass index (BMI) > 35 and other factors (e.g. presence of trismus, mandibular prognathism, etc.) making laryngeal exposure difficult 9 , should be considered as restrictions precluding the use of our technique. This study was performed in accordance with policies approved by the local ethics Committee.
Surgical technique
Exposition of the epiglottis in direct micro-laryngoscopy is performed as usual. The lower half of the lingual side of the epiglottis is cauterised in the area be-tween the lateral glosso-epiglottic folds (including the median glosso-epiglottic fold) using suction cautery avoiding reaching the free margin of the epiglottis itself ( Fig. 1B ). In this phase, it is important to reach the perichondrium in order to induce stiffening and scar retraction of tissues as a result of healing by second intention (Fig. 1C ).
Results
From March 2014 to February 2019, we performed 759 DISE procedures identifying a total of 87 (11%) patients with primary EC. In 22 cases, we concluded that the use of CPAP ventilation was indicated, and that the treatment was satisfactory; 51 patients underwent ESO within multilevel surgery; a total of 14 patients, who underwent ESO. exclusively, fulfilled the inclusion criteria of the present study and form the population of our retrospective survey. Demographic data of patients are summarised in Table I . A strong male predominance was found since only 1 patient was a woman (7.2 %), while 13 were men (92.8%); the mean age was 55.9 years (range 47-76). Mean BMI was 25.6 kg/m 2 (range 22.1-34). Four (28.57%) patients were affected by simple snoring, 5 (35.71%) by mild OSAHS, 2 (14.28%) by moderate OSAHS and 3 (21.42%) by severe OSAHS. The post-operative course of all patients was uneventful and substantially without pain (vNRS-11 range from 0 to 3) with discharge in the 1 st postoperative day. Moreover, no patient had dysphagia, aspiration (I-EAT 10 range from 0 to 2) or dysphonia. Follow-up ranged between 3 and 15 months (mean, 7.21 months) and most patients were lost after 6 months. Postoperative naso-laryngoscopy on 7 th and 30 th postoperative day showed good results in terms of retraction of the epiglottis in all patients. Additionally, five patients 
Discussion
The epiglottis is an important anatomical structure that was largely ignored and/or underestimated in the early research on obstructive breathing disorders 10 . Recent studies, however, have shown that it plays an important role, either on its own or in combination with other pharyngeal structures 11 12 . Nowadays, thanks to the introduction of DISE, it is possible to show that the prevalence of EC in determining the airway obstruction is actually much higher and ranges from 10% to 40% of patients 12 13 . Our survey confirms these findings with a prevalence of primary EC of 11% (87/759). Primary collapse of the epiglottis represents a challenging situation because CPAP may sometimes aggravate airway obstruction by further pushing the epiglottis down into the laryngeal aditus 7 14 . This was the case in 1 patient (see Table I ) of our sample, who presented with a poor response to CPAP as a result of an occult EC. In such cases, ESO improved the effectiveness of CPAP. Furthermore, epiglottic collapse can be revealed by performing a mandibular pull-up during DISE, making it difficult to exclusively treat with an oral appliance 5 15 . Of note, in our series, 7 patients affected by OSAHS and 2 patients affected by simple snoring (Table I) manifested EC at DISE mandibular pull-up. In these situations, ESO became necessary for subsequent treatment with a mandibular advancement device (MAD). For all these reasons, surgical treatment may represent a good option when dealing with EC though up to now no standardised surgical procedures have been described. It is important to remember that the epiglottis plays a role in preventing inhalation thanks to its sensitive receptors (distributed on the laryngeal surface, ariepiglottic folds, arytenoids and posterior commissure) that stimulate the so-called "glottis closure reflex" 15 . This is the reason why in 2014 we stopped performing "partial epiglottectomy" 16 for treatment of primary epiglottis collapse, developing the surgical procedure reported herein. Thinking about a new procedure to solve the problem of EC, we thought of the CAPSO (cautery assisted palate stiffening operation) described by Pang 17 , which consisted in the removal of an area of palatal mucosa with an electric scalpel inducing scar retraction without sutures to reduce snoring/palatal prolapse by stiffening the soft palate. In the same way, we applied this principle at the level of the lingual surface of the epiglottis, calling our procedure ESO. Some tips and tricks must be taken into account when performing ESO: a) scarification is made using a suction cautery to remove excess of lax tissues; b) it is important to reach the perichondrium of the lingual side of epiglottis, especially on the midline, in order to induce effective stiffening in the direction of median thyroepiglottic ligament; c) it is necessary to leave a rim of healthy tissue along the free border of the epiglottis to preserve sensitive receptors, allowing the activation of reflexes. Since its advent as a tool for the treatment of OSAHS, the scope of surgery has evolved to address multiple areas of obstruction simultaneously 18 19 and treatment of epiglottis collapse is generally bundled into procedures that target multiple areas of obstruction, explaining why we currently lack sufficient evidence to support any treatment that may specifically address this issue. This is the reason why, in order to validate our technique without any other interferences, we selected only patients who exclusively underwent ESO. Moreover, with the aim of validating our technique, in a small sample of patients we performed a postoperative DISE that confirmed in all cases the good outcomes of surgery.
To date, different surgical approaches 15 16 20 have been described with the aim of treating this peculiar region, but some of these are technically complex and associated with complications, such as bleeding, oedema, persistent dysphagia, dysgeusia, etc. 20 . In the future, clear understanding of such complex condition and the key factors that play a role into different UA obstruction patterns might help in identifying better surgical indications and targeted surgical strategies.
Conclusions
In conclusion, the ESO is aimed to resolve just one characteristic of our OSAHS patients, namely primary epiglottis collapse without taking the burden to cure OS-AHS. Our experience allows us to affirm that it is a safe procedure, devoid of complications, easy to perform and effective in treating EC that presents as a single or coexistent site of UA obstruction without altering the fundamental functions of the epiglottis. Healing time after this surgery is shorter than that after partial epiglottectomy; moreover, ESO can be associated with other techniques in a multimodal multilevel surgical treatment. Larger case series with longer follow-up are needed to confirm these results.
